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Description 

[APPARATUS AND METHODS FOR 
PRESSURE COMPENSATED CONTACT 
WITH THE BOREHOLE WALL ] 

Background of Invention 
[0001] Field of the Invention 

[0002] The invention relates generally to the field of well logging. 
More particularly, the invention relates to improved tech- 
niques for maintaining positive contact between logging 
instruments and the borehole wall. 

[0003] Background Art 

[0004] various well logging techniques are known in the field of 
hydrocarbon exploration and production. A significant 
number of these techniques require continuous positive 
contact between the logging instrument and the borehole 
wall in order to acquire high quality data required for ac- 
curate formation evaluation. 

[0005] Numerous wireline tools are known in the art that can 



provide adequate pad contact with the borehole wall. 
These technologies typically use articulated sondes, 
springs, or hydraulic calipers to force pads that are 
equipped with logging sensors to move outward from the 
tool body to make contact with borehole walls. 
[0006] For example, U.S. Patent No. 4,468,623 issued to Gi- 
anzero et al. discloses an earth formation investigating 
tool that can detect borehole wall features with millimeter 
resolutions. The tool uses articulated arms to push elec- 
trodes into contacts with the wall of the borehole. The 
electrodes measure the conductivities of the borehole wall 
as the tool is pulled up the borehole. U.S. Patent No. 
4,567,759 issued to Ekstrom et al. discloses a method 
and apparatus for producing high resolution image from 
the data collected by tool described in the Cianzero 
patent. The apparatus and techniques disclosed in these 
two patents are known in the art as formation micro im- 
ager and sold under the trade name of FMI™ by Schlum- 
berger Technology Corporation (Houston, TX). Other wire- 
line tools that can provide high-resolution image of the 
formation using sensors in contact with the borehole wall 
include that disclosed in U.S. Patent Nos. 6,191,588 Bl is- 
sued to Chen. 



[0007] Many MWD and LWD tools are known that measure various 
formation and drilling parameters. Most of these tools 
have sensors mounted on metallic stabilizer-like pads 
that can withstand the harsh environments while drilling. 
The pads and the sensors often do not contact the wall of 
the borehole. One example of these tools is the Resistiv- 
ity-at-the-Bit (RAB) tool described in U.S. Patent Nos. 
5,235,285 issued to Clark et al. and 5,339,037 issued to 
Bonner et al. On the other hand, the use of contact de- 
vices in MWD and LWD tools is limited. MWD or LWD tools 
that can make contact with the borehole wall typically use 
simple mechanical protruding devices. These protruding 
devices may not be able to maintain positive contact with 
the borehole with varying diameters (due to washouts 
etc.) or in wells with atypically large diameter boreholes. 
In addition, deviated wells and sharp doglegs (short radius 
of curvature bends in the well) can cause eccentering of 
MWD and LWD tools, leading to loss of contact with a sig- 
nificant portion of the borehole wall. In some situations, 
the protruding devices may cause problems with respect 
to the tool trajectory. It is known that the lower portion of 
a drill string may have a reverse angular velocity relative 
to the upper portion of the drill string. The reverse veloc- 



ity may cause the drill string to lock up or may destroy the 
drilling assembly altogether. 

[0008] other LWD or MWD devices maintain borehole contact by 
keeping a section of the tool housing (or sleeve) stationary 
in the well, while allowing the drilling assembly located 
below the sensors to rotate. The section that is kept sta- 
tionary may include sensors for measuring formation 
properties while the section is in contact with the bore- 
hole wall. One example of such logging tools is disclosed 
in the published U.S. Patent Application No. 
2002/0062992 Al by Fredericks et al. This approach is 
similar to drill bit steering technologies. The sensors on 
the stationary section cannot provide 360-degree cover- 
age around the borehole, and the approach is impractical 
for covering a long stretch of the borehole. Furthermore, 
tool sticking may occur due to the prolonged stationary 
contact between the tool and the borehole wall, resulting 
in expensive and time-consuming fishing operations and/ 
or possible loss of the tool and drilling assembly. 

[0009] it is therefore desirable to have improved apparatus and 
methods that can enable MWD and LWD tools to establish 
and maintain contacts with the borehole wall in wellbore 
regardless of tool trajectory, borehole diameters, devia- 



tion, rugosity, or wash out. 
Summary of Invention 

[0010] | n one aspect, embodiments of the invention relate to well 
logging tools. A well logging tool in accordance with em- 
bodiments of the invention includes a housing; at least 
one piston moveably disposed on the housing; at least 
one sensor disposed on the at least one piston; a pressure 
compensation system coupled to the at least one piston 
such that a pressure at a back side of the at least one pis- 
ton is substantially identical to a pressure outside the well 
logging tool; and a piston deployment mechanism for de- 
ploying the at least one piston. 

[001 1] in another aspect, embodiments of the invention relate to 
methods for well logging using a well logging tool having 
at least one piston disposed on a tool housing and a pres- 
sure compensating system that maintains a pressure at a 
back side of the at least one piston to be substantially 
identical to a pressure outside the well logging tool, 
wherein the at least one piston includes at least one sen- 
sor. A method in accordance with embodiments of the in- 
vention includes disposing the well logging tool in a bore- 
hole; deploying the at least one piston to establish contact 
between the at least one piston and a wall of the borehole; 



and measuring a formation property using the at least one 
sensor. 

[0012] other aspects and advantages of the invention will be ap- 
parent from the following description and the appended 
claims. 

Brief Description of Drawings 

[0013] FIG. 1 is logging-while-drilling system in accordance with 
one embodiment of the invention. 

[0014] FIG. 2 illustrates a section of a logging tool including 

pressure-compensated pistons according to one embodi- 
ment of the present invention. 

[0015] FIG. 3 illustrates a section of a logging tool including 

pressure-compensated pistons and sensors according to 
one embodiment of the present invention. 

[0016] FIG. 4 illustrates a logging tool including pressure- 
compensated pistons according to one embodiment of the 
present invention disposed in a borehole in an eccentered 
position. 

[0017] FIG. 5A illustrates a variation of a logging tool including 
pressure-compensated pistons according to one embodi- 
ment of the present invention. 

[0018] FIG. 5B illustrates another variation of a logging tool in- 
cluding pressure-compensated pistons according to one 



embodiment of the present invention. 

[0019] FIG. 6 illustrates another variation of a logging tool in- 
cluding pressure-compensated pistons according to one 
embodiment of the present invention. 

[0020] FIG. 7 illustrates a method for well logging according to 

one embodiment of the present invention. 
Detailed Description 

[0021] Embodiments of the present invention relates to appara- 
tus and methods for providing contacts between logging 
tools (or sensors) and borehole walls. According to em- 
bodiments of the present invention, a logging tool is 
equipped with one or more pressure compensated pistons 
to enable one or more sensors to contact the borehole 
wall. A variety of sensors may be mounted, embedded or 
encapsulated in the pressure compensated piston. 

[0022] Embodiments of the invention are most useful to MWD or 
LWD tools. However, one of ordinary skill in the art would 
appreciate that wireline tools may also benefit from em- 
bodiments of the invention. FIG. 1 shows atypical log- 
ging-while-drilling (LWD) system that includes a derrick 
10 positioned over a wellbore 11. A drilling tool assembly, 
which includes a drill string 12 and drill bit 15, is dis- 
posed in the wellbore 11. The drill string 12 and bit 15 



are turned by rotation of a kelly 17 coupled to the upper 
end of the drill string 12. The kelly 17 is rotated by en- 
gagement with a rotary table 16 or the like forming part 
of the rig 10. The kelly 17 and drill string 12 are sus- 
pended by a hook 18 coupled to the kelly 17 by a rotat- 
able swivel 39. 

[0023] Drilling fluid is stored in a pit 27 and is pumped through 
the center of the drill string 12 by a mud pump 29 to flow 
downwardly (shown by arrow 9). After circulation through 
the bit 15, the drilling fluid circulates upwardly (indicated 
by arrow 32) through an annular space between the well- 
bore 11 and the outside of the drill string 12. Flow of the 
drilling mud lubricates and cools the bit 15 and lifts drill 
cuttings made by the bit 15 to the surface for collection 
and disposal. 

[0024] As shown, a logging tool 100 is connected to the drill 

string 12. The tool 100 may include a stabilizer 140 and 
drill collar 130 which mechanically connect a measuring 
device 200 to the tool 100. In accordance with one em- 
bodiment of the invention, the measuring device 200 in- 
cludes pistons 18 that can be actuated to press sensors 
(not shown) against the borehole wall. The pistons 18 will 
be described in more detail in the following sections. Sig- 



nals measured by the sensors may be transmitted to the 
surface or stored on memories (not shown) onboard the 
tool 100. 

[0025] As shown in FIG. 1, the tool 100 includes a toroidal an- 
tenna 1250 for electromagnetic communication with the 
local measuring device 200. The tool 100 may also in- 
clude mud telemetry system 150 to transmit signals to the 
surface. A transducer 31 disposed at the surface detects 
the pressure variations and relays the signals to a receiver 
decoder system 90 for demodulation and interpretation. 
The demodulated signals can be coupled to a processor 
85 and recorder 45 for further processing. The surface 
equipment may optionally include a transmitter subsys- 
tem 95 that can modulate the pressure of the drilling mud 
to communicate control signals to the tool 100. 

[0026] The deployment of sensors against a borehole wall is es- 
sential for some down-hole measurements, such as resis- 
tivity measurements. In particular, close contact with the 
borehole wall is essential for sensors used in formation 
imaging, for example, those used in tools sold under the 
trade names of FMI™, OMDT™, and OBMI™ by Schlum- 
berger Technologies Corporation (Houston, TX). While the 
following description refers to resistivity measurements as 



examples, embodiments of the present invention are not 
so limited. Other measurements or sensors that could 
benefit from being placed against the borehole wall in- 
clude temperature, pressure, drilling mechanics, induc- 
tion, inductive imager, electromagnetic, galvanic, density, 
neutron, sonic, natural radioactivity, nuclear magnetic 
resonance, compressional or shear wave velocity, dipme- 
ter, seismic, etc. 
[0027] | n order to maintain constant contact with the borehole 
wall, sensors need to be deployed on a mechanism that 
can accommodate and adapt to changing diameters and 
shapes of the borehole. For wireline tools, prior art de- 
vices typically use articulation arms or the like. However, 
these deployment devices are often too weak to withstand 
the forces encountered while drilling. As noted above, 
some LWD/MWD tools use protruding devices to contact 
the borehole wall. The protruding devices may cause 
problems with respect to tool trajectories. That is, the 
lower portion of a drill string may have a reverse angular 
velocity relative to the upper portion of the drill string. 
The reverse velocity may cause the drill string to lock up 
or may destroy the drilling assembly altogether. Embodi- 
ments of the invention use piston mechanisms to deploy 



the sensors to the wall of the borehole. These piston 
mechanisms can withstand the forces encountered while 
drilling. Therefore, embodiments of the invention may be 
used in wireline and LWD tools. 

[0028] FIG. 2 illustrates a section of a tool 100 including pistons 
18 according to one embodiment of the present invention. 
As shown, the tool 100 is disposed in a borehole 14. Four 
pistons 18 are shown disposed on the tool 100. However, 
embodiments of the invention are not limited to any spe- 
cific number or location of the pistons on a tool. The pis- 
tons 18 are sealingly and moveably disposed on the tool 
100 using one or more seals 12, which may be an O-ring 
or other device(s) known or appreciated by one of ordi- 
nary skill in the art. 

[0029] one major problem in using a piston and seal in a logging 
tool is that the seal may not hold up under the high pres- 
sure (up to 20,000 psi) and high temperature (300 °F or 
higher) conditions encountered downhole. One solution to 
this problem is to provide a pressure compensation 
mechanism such that the seals 12 do not have to work 
against a large pressure differential. 

[0030] As shown in FIG. 2, a pressure compensation mechanism 
in accordance with one embodiment of the invention 



comprises a fluid-filled reservoir 13 behind each piston 
18, a pressure compensating chamber 37 that is open to 
the borehole via an opening 22, and a compensating pis- 
ton 16 separating the fluid-dilled reservoir 13 and the 
pressure compensating chamber 37. The pressure inside 
the pressure compensating chamber 37 is substantially 
identical to that in the borehole because it is open to the 
borehole via the opening 22. The pressure inside the 
pressure compensating chamber 37 is transmitted to the 
fluid-filled reservoir 13 by the compensating piston 16, 
which is movably disposed between the pressure compen- 
sating chamber 37 and the fluid-filled reservoir 13. Ac- 
cordingly, the pressure inside the fluid-filled reservoir 13 
(i.e., at the back side of the piston 18) will always be sub- 
stantially the same as the pressure in the borehole 14 
(i.e., at the front side of the piston 18), and, therefore, the 
seals 12 need not work against a substantial pressure dif- 
ferential. Although it is possible to open the fluid-filled 
reservoir 13 directly to the borehole to achieve similar 
pressure compensation, this approach is not preferred 
because the borehole fluid would contact seals 12 and the 
debris or harsh chemicals in the drilling fluids would 
shorten the lives of the seals 12. One of ordinary skill in 



the art would appreciate that the fluid-filled reservoir 13 
may be filled with a liquid or a gas, though a liquid is pre- 
ferred. 

[0031] with the pressure compensation as described above, a 
tool 100 in accordance with the invention needs only a 
minimal force to push the pistons 18 out to contact the 
borehole wall 24. The minimal force, for example, can be 
supplied by a piston spring 23. Alternatively, the minimal 
force needed to push the pistons 18 out to contact the 
borehole wall 24 may be supplied by a compensating 
spring 21 that exerts a biasing force on the compensating 
piston 16 such that the pressure inside the fluid-filled 
reservoir 13 is slightly higher than the pressure of the 
pressure compensating chamber 37 and the borehole 14. 
Having a slightly higher pressure in the fluid-filled reser- 
voir 13 relative to the compensating chamber 37 also pre- 
vents the drilling fluid from leaking into the fluid-filled 
reservoir 13 to degrade the seals 12. As shown, the com- 
pensating spring 21 is located inside the pressure- 
compensating chamber 37 to provide a "push" on the 
compensating piston 16. Alternatively, the compensating 
spring 21 may be located on the other side of the com- 
pensating piston 16 to provide a "pull" on the compensat- 



ing piston 16. Some embodiments of the invention use a 
combination of the piston spring 23 and compensating 
spring 21 to provide the force needed to push the piston 
18 out to contact the borehole wall 24. Furthermore, 
some embodiments of the invention may use mechanical 
means or drilling fluid pressures to provide the forces to 
push the pistons 18 out to contact the borehole wall 24. 
These alternative embodiments will be described in detail 
in the following sections. 
[0032] | n preferred embodiments, the compensating spring 21 
and/or the piston spring 23 have force constants that can 
provide quick deployment of the pistons. The force con- 
stants of these springs are related to the revolution period 
of the drill string. Specifically, the time needed to extend 
a piston from a fully compressed to a fully extended state 
is preferably shorter than the rotation period (preferably, 
2-3 times faster than the drill string rotation) such that 
the piston can extend fast enough to avoid merely floating 
at a distance from the borehole wall due to variations in or 
protrusions from the borehole wall. For example, when a 
piston hits a protrusion during a drill string rotation, the 
piston will compress (retract). The piston should then 
quickly extend to maintain close contact with the borehole 



wall on the back side of the protrusion. 

[0033] As shown in FIG. 2, the pressure-compensating chamber 
37 and the fluid-filled reservoir 13 are formed between an 
inner mandrel 15 and the outside wall of the tool body. In 
addition, the compensating pistons 16 are sealingly and 
moveably disposed between the outside wall of the tool 
and the inner mandrel 15. This embodiment is only for il- 
lustration. One of ordinary skill in the art would appreci- 
ate that various modifications are possible without de- 
parting from the scope of the invention. For example, the 
pressure compensating chamber 37 and the fluid filled 
reservoir 13 may be formed entirely within the tool body, 
without relying on the inner mandrel 15. 

[0034] jhe pressure compensating chamber 37 and the fluid- 
filled reservoir 13 each may be a continuous chamber 
around the periphery of the tool 100. Alternatively, the 
pressure compensating chamber 37 and the fluid-filled 
reservoir 13 each may comprise multiple chambers. If the 
pressure compensating chamber 37 is a continuous 
chamber, then only one opening 22 is required. The fluid- 
filled reservoir 13 may be filled with any hydraulic fluid, 
for example, oils. Seals 17 are disposed on the compen- 
sating pistons 16 to provide fluid isolation between the 



pressure-compensating chamber 37 and the fluid-filled 
reservoir 13. Like seals 12, seals 17 need not work against 
a substantial pressure differential. 
[0035] FIG. 3 illustrates how sensors for formation logging may 
be attached to the pressure compensated pistons 18 on a 
logging tool 100 according to one embodiment of the in- 
vention. As shown, two sensors 41, 42 are included on 
each encapsulation 19, which is disposed on pistons 18. 
The use of encapsulation 19 on pistons 18 may facilitate 
the switching or repair of various sensors. One of ordinary 
skill in the art would appreciate that the number and type 
of sensors would depend on the desired application and 
should not limit the scope of the present invention. The 
sensors 41, 42 may be mounted on, embedded in, or en- 
capsulated inside the encapsulations 19. The exact 
method of attachment and location of the sensors depend 
on the type of sensor used. To increase the life of the 
sensors, the encapsulations 19 and the pistons 18 may be 
coated with an abrasive-resistant material, such as metal 
carbides (e.g., tungsten carbide), polycrystalline diamond 
(PCD), and metal nitrides. However, the hard-facing mate- 
rials are not required for the pistons in accordance with 
the invention because these pistons are pressed against 



the wall of the borehole with minimum forces from the 
springs. The abrasive action is expected to be minimal. 
[0036] As shown, the sensors 41, 42 are connected by wires 43 
to the wiring system 45 in the tool. The wiring system 45 
may provide power to the sensors 41, 42 and transmit 
signals detected by the sensors 41, 42 to the memories 
on the tool or to the telemetry system. The wiring system 
45 is connected to other electrical systems in the tool via 
a bulkhead 47. 

[0037] | n accordance with embodiments of the invention, the pis- 
ton spring 23 and/or the compensating spring 21 pro- 
vides the force to extend the pistons to contact the bore- 
hole wall 24. Pistons in accordance with embodiments of 
the invention may achieve such contacts regardless of the 
location (or eccentering) of the tool 100 in the borehole 
14 or the sizes and shapes of the borehole 14. FIG. 4 
shows that if the tool 100 is eccentered in the borehole 
14, the pistons 18r, 181 may extend to different extents to 
accommodate the different standoffs on different sides of 
the tool. Tool eccentering could occur for various reasons, 
including borehole curvature, horizontal borehole, and 
doglegs. As shown, the tool 100 is eccentered to the left. 
Therefore, the pistons on the right 18r need to extend 



more in order to reach the borehole wall 24. In contrast, 
the pistons on the left 181 do not have to extend much (or 
at all) to contact the borehole wall 24. The different ex- 
tension length of the pistons is automatically accom- 
plished with the pressure compensation. Different piston 
extension length may also arise when the borehole has ir- 
regular shapes (e.g., washout on one side) or sizes. 
Therefore, a tool 100 in accordance with embodiments of 
the invention can maintain contact with the borehole wall 
regardless of the tool location in the borehole or various 
sizes and shapes of the borehole. 
[0038] one of ordinary skill in the art would appreciate that the 
tools shown in FICs. 2 and 3 are for illustration only, and 
other modifications are possible without departing from 
the scope of the invention. For example, FIG. 5A shows an 
alternative embodiment that includes a controller device 
25 for regulating the tension of the compensating spring 
21. The controller device 25 may comprise a motor or 
pump. The motor or pump may be powered by a down- 
hole battery or by hydraulics. The control signals sent to 
the controller device 25 to regulate the tension of the 
compensating spring 21 may be electrical or hydraulic 
(e.g., mud pulse telemetry). 



[0039] Several mechanisms are possible by which the controller 
device 25 can regulate the tension of the compensating 
spring 21. For example, the controller device 25 may con- 
trol a mechanical means 30, which in turn regulates the 
tension of the compensating spring 21. The mechanical 
means 30 may be a piston cylinder, a ratcheting device, a 
rack and pinion device, a screw or bolt mechanism, a 
jacking or cranking mechanism, a gear mechanism or a 
combination of these devices (or other means to initiate 
alternating back and forth movement that would be ap- 
preciated by one of ordinary skill in the art). The mechani- 
cal means 30 may be actuated by an electric or hydraulic 
motor or pump or directly by pump pressure, mud pulse 
telemetry or mud flow. By actuating the mechanical means 
30, a positive or negative force may be applied to the 
compensating spring 21 to increase or decrease the ten- 
sion of the compensating spring 21. The tension of the 
compensating spring 21 regulates the bias of the com- 
pensating piston 16, which in turn regulates the pressure 
inside the fluid-filled reservoir 13. The pressure inside the 
fluid-filled reservoir 13, relative to the borehole pressure, 
can then regulate the extension or retraction of the pis- 
tons 18. 



[0040] | n another embodiment, shown in FIG. 5B, the force ex- 
erted by the compensating spring 21 may be controlled by 
the mud (or drilling fluid) flowing through the mud chan- 
nel 27 of the tool 100. In this embodiment, the high pres- 
sure mud in the mud channel 27 is partially diverted, by a 
selective flow diverter 28, through the fluid conduit 29 
and returned to the borehole 14. Prior to returning to the 
borehole 14, the mud flow is partially restricted by a ten- 
sion transfer device 31 resulting in a continuous positive 
(or negative) pressure or force being applied to one side 
of the tension transfer device 31 (or some other device 
that would be appreciated by one of ordinary skill in the 
art). The tension transfer device 31 is attached to the 
compensating spring 21 to regulate the tension of the 
compensating spring 21. 

[0041] The above described is only an example of how the mud 
pressure may be used to regulate the tension of the com- 
pensating spring 21. One of ordinary skill in the art would 
appreciate that other mechanisms may also be used to 
harness the pressure from the mud flow to provide me- 
chanical forces. For example, a mechanism used in a ro- 
tary steerable system sold under the trade name of Pow- 
erDrive™ by Schlumberger Technologies Corporation 



(Houston, TX) could be modified to accomplish the afore- 
mentioned transfer of force. 
[0042] use of a controller device 25, in conjunction with a me- 
chanical means 30, or use of mud flow to activate a ten- 
sion transfer device 31 allows for regulation of the tension 
of the compensating spring 21 during logging operations. 
The ability to regulate the tension of the compensating 
spring 21, and hence the piston protrusion, is useful if 
unexpected conditions are encountered during drilling 
and increased tension are needed to maintain piston con- 
tact with the borehole wall. In addition, the ability to re- 
tract pistons 18 makes it easier to deploy or retrieve the 
tool 100. 

[0043] | n addition, one of ordinary skill in the art would appreci- 
ate that the controller device 25, in conjunction with a 
mechanical means 30, or the mud flow tension transfer 
device 31 may be adapted to eliminate the need for a 
compensating spring 21. That is, the positive or negative 
force regulation may be applied directly to the compen- 
sating piston 16, without the need for the compensating 
spring 21. Furthermore, the force regulation mechanism 
may be applied directly to the piston spring 23 or directly 
to the pistons 18, eliminating the need for the piston 



spring 23. 

[0044] on an LWD tool, the pistons 18 and the sensors 41 and 42 
rotate with the tool 100 during drilling. The rotation al- 
lows the sensors 41 and 42 to have 360-degree coverage 
of the borehole wall 24. The 360-degree coverage and the 
constant positive contact with the borehole wall 24 ensure 
that continuous, high-resolution data may be acquired. 

[0045] FIG. 6 illustrates another embodiment of the present in- 
vention. As shown, the tool 100 includes nested pistons 
18 to accommodate large diameter boreholes or well 
bores having washed out zones. In this situation, the dis- 
tance between the tool 100 and the borehole wall 24 may 
be larger than typically encountered. In order to compen- 
sate for the increased distance, pistons 18 are nested in 
piston liners 35, which may be extended/retracted to- 
gether with or independent of pistons 18. Seals 36 are 
disposed between the body of the tool 100 and the piston 
liner 35 to isolate the fluid-filled reservoir 13 from the 
borehole 14. In some embodiments, more than one piston 
liner 35 may be nested inside each other to provide even 
father reach, in a telescope-like manner. 

[0046] FIG. 7 illustrates a method 70 for well logging in accor- 
dance with one embodiment of the present invention. The 



flow chart in FIG. 7 depicts the process by which positive 
contact with a borehole wall may be established and 
maintained using pressure-compensated pistons on a well 
logging tool. After a well logging tool is disposed in a 
borehole, the pistons, which may include one or more 
sensors, are pushed outward from the tool body (step 72). 
The pistons may be pushed out by any piston deployment 
mechanism including spring force, hydraulic pressure, or 
any mechanical mechanism described above. In accor- 
dance with embodiments of the invention, the pistons are 
pressure balanced such that the pistons do not work 
against the high pressure typically encountered downhole. 
[0047] Next, positive contact is established between the piston 
and the borehole wall (step 74). The pistons of the inven- 
tion, when pushed out, will extend outward until they hit 
the borehole wall. Thus, the establishment of the contact 
is automatic. Because the force used to push the pistons 
outward is minimal, the pistons will stop after establishing 
contacts with the borehole wall and there will be no un- 
necessary compression on the pistons or the borehole 
wall. 

[0048] The method also allows for the maintenance of positive 
contact regardless of the varying conditions that may be 



encountered downhole, e.g., borehole washout or rugose 
hole (step 76). Because the pistons can move indepen- 
dently of each other, they can easily conform to the wash 
outs and borehole rugosity and prevent loss of data qual- 
ity. 

[0049] Another condition that may be encountered downhole is a 
large diameter well bore, which may occur by design or 
result from severe wash out. A tool as shown in FIG. 6 is 
particular useful in a large diameter borehole. This tool is 
able to extend farther out and maintain contact with the 
borehole wall. This would allow the drilling and/or log- 
ging sensors to acquire quality data that might actually 
aid in determining why the wash outs are occurring and in 
turn help to reduce their occurrence. 

[0050] | n some embodiments, the method optionally allows for 
adjustment, while downhole, of the force ultimately ex- 
erted on the piston by adjusting the tension on the com- 
pensating spring (step 77). This allows for an increased 
range of force to be used to maintain positive contact be- 
tween the pistons and the borehole wall. 

[0051] Once the pistons and the sensors are in contact with the 
borehole wall, logging operation may commence (step 
78). The pressure compensation pistons in accordance 



with the invention will ensure that the sensors are close to 
the borehole wall and good-quality data may be obtained. 
The sensors used depend on the type of formation prop- 
erties to be measured. For example, the sensor may be 
one selected from a temperature sensor, a pressure sen- 
sor, a resistivity sensor, an inductive imager, a density 
sensor, a neutron sensor, a sonic sensor, a nuclear mag- 
netic resonance sensor, a dipmeter, and a seismic sensor. 
[0052] Finally, the method allows for the disengaging and re- 
tracting of the piston (step 79). By reducing the outward 
force on the piston, the piston can be disengaged from 
the borehole wall. If the outward force is further reduced, 
the piston can fully retract inwardly toward the tool body. 
Disengagement and retraction of the pistons are desirable 
when deploying or retrieving the tool. To disengage or re- 
tract the pistons, the pressure inside the fluid-filled 
chamber (shown as 13 in FIG. 2) is reduced. This may be 
accomplished by adjusting the tension of the compensat- 
ing spring (shown as 21 in FIG. 5A), for example, using a 
controller device described above (shown as 25 in FIG. 
5A). 

[0053] The advantages of the present invention may include one 
or more of the following. A tool in accordance with the in- 



vention has pistons to convey sensors to be in contact 
with the borehole wall. The pistons are pressure compen- 
sated such that the pistons do not need to work against 
high pressures encountered downhole. Pressure compen- 
sation also permits minimal force to be used to deploy the 
pistons, to maintain piston contact with the borehole wall, 
and to allow the sensor to conform to wash outs and 
borehole rugosity as well as larger diameter boreholes. In 
addition, because the contact with the borehole wall in- 
volves only minimal surface area there is a reduced risk of 
tool sticking. 

[0054] while the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from 
the scope of the invention as disclosed herein. For exam- 
ple, the present invention may be adapted for use in a 
wireline device. Accordingly, the scope of the invention 
should be limited only by the attached claims. 



